ABSTRACT
INTRODUCTION
Results from scientific research, besides offering solutions to problems facing humanity, bring honour, fame and international recognition to the scientist who produced the landmark breakthrough discovery or innovation. Career progression for academic scientists is often determined by the number and impact of reported research in scientific journals and presentations at international conferences.
1 Furthermore, data derived from controlled trials of novel drugs are used by pharmaceutical companies to back up their application for a marketing licence for their test drug. These critical and profound roles that research plays demand that research is conducted with great integrity and in conformity with codes of ethical scientific conduct.
Unfortunately, historical events of scientific misconduct indicate that the scientific community should be alert and vigilant in preventing, detecting and reprimanding scientific misconduct. Henry Beecher in his famous article, 'Ethics and clinical research', published in the New England Journal of Medicine in 1966, raised alarm on the continued conduct of research that fell below acceptable ethical standards.
2 Cases of notable scientists engaging in acts of scientific misconduct have been documented. 3 A recent high profile case of scientific misconduct involved Dr Anil Potti, a physician and oncologist conducting oncogenomic research at Duke University. 4 He falsified data in his studies to support his 'personalized cancer treatment' approach to lung and breast cancer. Following the discovery of the falsification, all clinical trials based on his data were stopped and nine of his publications retracted. 5 There has not been any properly documented highprofile cases of research misconduct in Nigeria. However, the ethical standard of the Trovan study has been severely criticised, many suggesting that the conduct of the research was unethical. 6 Pfizer had utilized the opportunity of an epidemic of meningitis in a poor village in northern Nigeria to conduct trials on the oral drug TRO-VAXACIN. It was alleged there was no proper ethical approval in Nigeria before the study was started, the informed consent process was considered inadequate and the benefits of the research to the participants were questionable. 7 There is no single definition of Scientific or Research misconduct, however most recent definitions would include or restrict it to fabrication, falsification and plagiarism. The Office of Research Integrity (ORI) of the United States defines research misconduct as, 'fabrication, falsification or plagiarism in proposing, performing, or reviewing research, or in reporting research results.' 8 Older definitions of scientific misconduct had been more inclusive of wider forms of unethical behaviours, for example scientific misconduct was defined as 'the nonadherence to rules, regulations, guidelines, and commonly accepted professional codes or norms.' 9 The National Science Foundation of the United States of America had defined research misconduct as, 'fabrication, falsification, plagiarism and, other serious deviations from accepted practice.'
10 Other serious deviations from accepted practice would include acts such as intentional protocol violations, dropping outliers from a data set and falsification of a biosketch or resume. In developed countries, institutions have been established to ensure credible research conduct and to investigate cases of scientific misconduct.
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However, in many developing countries very few cases of scientific misconduct have been reported. There is no evidence to suggest that all research conducted in developing countries meet ethical standards and that scientific misconduct does not exist. Rather, it is more likely that the prevalence of scientific misconduct amongst researchers have not been systematically investigated.
In Nigeria, the National Health Research Ethics Committee (NHREC) -in addition to other functions -sets norms and standards for conducting research on humans and animals including clinical trials.
12 However, unlike the Office of Research Integrity (ORI) in the United States, the NHREC has as yet no data on scientific misconduct in the country. A search of online scientific databases showed that there is no documented study on scientific misconduct in Nigeria. This report, which is part of a larger study, aimed at documenting the prevalence of self reported scientific misconduct among a group of researchers in Nigeria. Factors associated with specific acts of scientific misconduct were examined and behavioural influences on scientific misconduct determined.
METHODS
The study was an exploratory survey of a convenience sample of researchers who attended a scientific conference in 2010. A self-administered validated questionnaire was handed to all consenting researchers. The questionnaire was adapted from the Scientific Misconduct Questionnaire-Revised (SMQ-R) 13 by adding questions that elicited self-reporting of scientific misconduct. The operational definition of scientific misconduct in this study was as used in the standardised questionnaire: 'the non-adherence to rules, regulations, guidelines, and commonly accepted professional codes or norms' 14 and is thus much wider than the current ORI definition that only focuses on FFP.
A sample size of 100 was adequate for estimating proportions to an accuracy of within 10%. Allowing for a response rate of 90%, a final sample size of 110 researchers was required.
Completed questionnaires were entered into Epi Info version 3.4.3 statistical software. Initial descriptive analysis of individual items, using frequencies and proportions for all quantitative data, was performed. Further analysis was done to determine factors associated with self-reported prevalence of scientific misconduct. Likert scale responses relating to having committed scientific misconduct were transformed into dichotomous responses (never or ever). Likert response category 'never' remained as 'never committed scientific misconduct' while 'seldom', 'occasionally' and 'frequently' were transformed to 'ever committed scientific misconduct'. Fisher exact test and chi 2 test were performed for associations as appropriate. A two-tailed p-value of less than 0.05 was accepted as significant.
Ethical clearance for the study was obtained from the Ethics committees of the Faculty of Health Sciences, University of Pretoria, and the Delta State University Teaching Hospital, Oghara, Delta State, Nigeria. Permission to conduct the survey during the scientific conference was obtained from the conference organisers. Confidentiality was assured by not eliciting any personal or institutional identifying information and not requesting signed consent. Consent to participate in the study was implied by filling and returning the questionnaire. The selfadministered completed questionnaires were dropped into a sealed box at the conference information/welcome area.
RESULTS
One hundred and thirty-three (133) questionnaires were returned out of a total number of 150 distributed, giving a response rate of 88.7%. There were no spoilt questionnaires. There were 116 (87.2%) male researchers and 17 (12.8%) female researchers. The majority of researchers (62.4%) worked primarily in academic institutions, while 25.6% worked in public hospitals, 7.3% in private hospitals, 1.5% in the ministry and 0.8% in a research centre. About 2.3% of the researchers worked in other sectors. The majority of researchers worked both as academics and clinicians. One hundred and twenty-one researchers (91.0%) were currently involved in research while 12 (9%) were not. The median duration of involvement in research was 8 years with an interquartile range of 4-13.5 years. Ninety-two (69.7%) researchers have been involved in research for ten years or less, while 40 (30.3%) had spent more than ten years in research. The median number of publications per researcher was six with an interquartile range of 2-26. Eighty-four (64.1%) of them had ten or fewer publications while 47 (35.9%) had more than ten publications. The majority of the researchers (77.5%) had attended a lecture, workshop or conference on ethics, but 22.5% had never attended any similar events.
Personal involvement in scientific misconduct
Ninety-one researchers (68.9%) admitted to having committed at least one of the eight listed forms of scientific misconduct, while 41 (31.1%) stated that they had never done so. Three out of the eight categories of listed acts of misconduct (falsification of data, falsification of biosketch, resume and plagiarism) fit into the ORI definition of research misconduct, and 56 researchers (42.2%) admitted to have committed them. Disagreement about authorship was the most common form of misconduct committed (36.4%) while plagiarism was the least (9.2%). Among those who admitted to having committed scientific misconduct, most described the frequency of its occurrence as 'seldom'. Only one researcher admitted that the occurrence of plagiarism was 'frequent'. Similarly, only one researcher admitted that the occurrence of selective dropping of data from outlier cases and pressure from study sponsors to engage in unethical practices was 'frequent' ( 
Scientific Misconduct in Nigeria 3
Analysis of associated factors showed that there was no statistically significant difference between those who had 'ever' committed scientific misconduct and those who had 'never' committed scientific misconduct in terms of sex, work environment, education in ethics, years of involvement in research and number of publications (Table 2) .
However, further analysis of association done with the specific acts of scientific misconduct showed that committing plagiarism was inversely associated with years in research (Fisher exact p-value = 0.02); falsifying data was related to perceived low effectiveness of the institution's rules and procedures for reducing scientific misconduct (X 2 = 6.44, p-value = 0.01); and succumbing to pressure from study sponsor to engage in unethical practice was related to sex of researcher (Fisher exact p-value = 0.02). The association between disagreement about authorship and number of publications approached the level of significance with a p-value of 0.05 (Table 3 ).
There was no significant association between other acts of scientific misconduct (intentional protocol violations related to subject enrolment; intentional protocol violations related to procedures; selective dropping of 'outlier' cases; and, falsification of biosketch, resume, reference list) and any of the independent variables.
Behavioural influences on scientific misconduct Table 4 shows the thoughts of the researchers about the varying contributions of certain behavioural influences on scientific misconduct. More than fifty percent of researchers thought that pressure for external funding, need for recognition, need for publications and insufficient censure of misconduct had a 'strong influence' on scientific misconduct. Pressure for tenure, unclear definition of what constitutes misconduct, financial conflicts of interest and the level of involvement of the principal investigator in enrolment of subjects were considered by the majority to have 'some influence' as were the level of interest of the principal investigator in study enrolment and outcomes, number of research protocols principal investigator is responsible for, and a belief that the level of risk to subjects is quite low in a given study protocol.
DISCUSSION
To the best of our knowledge, this is the first study that has looked at the prevalence and perception of scientific misconduct amongst any group of researchers in Nigeria and probably in Africa. This study showed a high prevalence of self-reported involvement in various aspects of scientific misconduct. On the whole, about 69% of researchers admitted to at least one of the eight listed forms of scientific misconduct. Using the ORI narrower definition of misconduct still gives a high prevalence of 42%. This figure is much higher than the 5.7% reported by Geggie in a study of newly appointed consultants in the United Kingdom. 15 Our figure is also considerably higher than the 33.7% recorded by Fanelli in a systematic review of publications on scientific misconduct mainly from the United States and United Kingdom. 16 The most common type of misconduct committed by researchers in this study was disagreement about authorship (36.4%). Misconduct relating to authorship ranges from omissions of names of contributors, inappropriate listing order of authors and gift authorship. Our study, however, did not ask for the specific form of disagreement about authorship and this could be an interesting area of future research. The International Committee of Medical Journal Editors (ICMJE) issued guidelines for authorship of published studies. 17 They propose three criteria for authorship -1) substantial contributions to conception and design, acquisition of data, or analysis and interpretation of data; 2) drafting the article or revising it critically for important intellectual content; and 3) final approval of the version to be published. Authors are expected to meet all three criteria to qualify for authorship. Many biomedical journals now require authors to state their individual contribution to a submitted manuscript. If rigorously implemented, this measure will go a long way in minimising misconduct relating to authorship.
Plagiarism was the least common form of scientific misconduct reported in our study, with only 9.2% of researchers admitting to ever having plagiarised. It is however doubtful that plagiarism is truly such an infrequent event; rather, it is probable that there is poor awareness of what constitutes plagiarism. Despite this suspicion of under-reporting of plagiarism, our figure of 9.2% ranks higher than the 2% reported by Martison in his survey of 3247 scientist in the US. 18 Researchers should develop a conscious effort to avoid plagiarism. Although plagiarism does not distort scientific knowledge to a large extent compared to fabrication and falsification as it does not entail the changing of any data, but rather the wrongful appropriation of another's work, it none-the-less has severe implications for the career of the researcher and the academic institution.
A worrisome finding of our study is that over onequarter of researchers admitted to having falsified data. Again, this is a very high proportion compared to 1.97% recorded by Fanelli in a systematic review and metanalysis. 19 It is also very high compared to a recorded four out of 189 (2.1%) newly employed consultants in the UK.
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While it will be interesting to probe into the nature of the falsification of data, suffice it to say that falsification of data in whichever form deviates from the truth of the study and is a serious form of scientific misconduct. Many documented notable cases of scientific misconduct had involved falsification of data or outright fabrication of data. 21 Bezwoda, a cancer researcher in South Africa, was found to have fabricated data concerning his research.
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What could possibly be the factors responsible for this high prevalence of self-reported scientific misconduct? Although we did not find any association between having 'ever' committed scientific misconduct and the sex of researchers, work environment, education in ethics, years of research, and number of publications, none-the-less specific acts of scientific misconduct were associated with certain factors. There was an inverse association between committing plagiarism and years in research. This is quite understandable since one can assume that several acts of plagiarism were committed out of ignorance about what constitutes plagiarism. Therefore, the more experienced and informed the researcher is, the less likely he or she is to express someone's idea without giving due credit. This underscores the value of training on credible research conduct and scientific writing. Falsification of data was related to low effectiveness of an institution's rules and procedures for reducing scientific misconduct. Outright falsification of data becomes difficult if an institution has an effective method for reducing scientific misconduct. Processes such as ethical and scientific review and approval of research protocols, effective monitoring of the research process by the ethics committee, departmental presentations of research work, clear policy on storage of research materials, and policies on punishment for scientific misconduct are some ways through which institutions could reduce misconduct. Falsification of data should become detectable under these circumstances and researchers might be more likely to desist from it.
Further insight into factors that influence scientific misconduct was gained from the researchers' responses about behavioural influences on scientific misconduct. Over 73% of researchers believed that the need for publications was a strong influence on scientific misconduct. This view was echoed by research coordinators in the US. 23 The phrase 'publish or perish' is well-known in academic circles and characterises the enormous pressure that is placed on researchers to produce results. 24 Tenuretrack and promotions are invariably linked to the number of publications. Many commentators have suggested that a researcher should be asked to submit only his best publications for assessment, thereby placing the emphasis on quality, rather than on quantity. 25 This might also reduce the tendency to create multiple publications through fragmentation of data -salami slicing. 26 In medicine, where most academics are also involved in teaching and clinical duties, perhaps more weight should be placed on these activities in the consideration for career progression.
This study had some limitations. Firstly, it was a nonprobability sample of researchers. Consequently, the extent to which the findings can be generalised to other researchers in Nigeria may be disputed. Secondly, the sample size for this study was calculated primarily based on the need to generate a set of descriptive data, the sample size for the inferential analysis of subgroups for associations may have been insufficient to identify true associations in some cases. Subsequent studies focusing on these areas would need to use a larger sample size. Female researchers were not equally represented in this sample and any association with misconduct and gender might therefore be spurious. Thirdly, these data on the prevalence of scientific misconduct depended on selfreport. While every conceivable measure was put in place to encourage openness and truthfulness of response, it is doubtful that the reported prevalence reflects the true prevalence. It is possible that the true prevalence may still be higher than reported. Similar studies that were based on self-reporting of scientific misconduct have acknowledged this limitation. 27 Underreporting is a very real issue for sensitive and socially undesirable actions. Finally, having used a quantitative method, certain aspects of the study findings could not be explored deeply. There is a need to design qualitative studies that could explore in an in-depth fashion some of our findings. Studies using qualitative methods can yield a rich amount of information that can augment and validate our findings. 28 
Recommendations
Tackling scientific misconduct in Nigeria will require a multi-faceted approach involving many stakeholders. Interventions should be targeted at the environmental/ institutional level, the national or regional regulatory level and the individual/personal levels. Arising from this study and the review of literature on scientific misconduct, the following recommendations are made:
Environmental/institutional level 
CONCLUSION
The emergent data from this study is a cause for serious concern and calls for prompt intervention. The best response to reducing scientific misconduct will proceed from measures that contain both elements of prevention and enforcement. Several well-articulated interventions have to be made and this would involve creating a conducive institutional environment that will foster credible research conduct and at the same time discourage scientific misconduct. Training on research ethics has to be integrated into the curriculum of undergraduate and postgraduate students while provision should be made for in-service training of researchers. 
